ABSTRACT. Background. The prevalence of repeated otitis media (OM) increased during the 1980s, but it is unknown if the increase has continued.
O titis media (OM) is the most common reason for an illness-related medical visit in preschool age children. In 1990, OM accounted for 24.5 million clinical visits in the United States, with $3 billion to $4 billion spent annually for OM treatment. 1, 2 In addition to the economic costs associated with OM, there is controversy over the efficacy of antibiotics for OM. OM is the most frequent diagnosis for which physicians prescribe antibiotic treatment to children. 3, 4 Antibiotic use has been shown to encourage the emergence of multidrugresistant strains of bacterial pathogens including Streptococcus pneumoniae, the predominant pathogen in acute OM. 2, 5 Finally, some evidence indicates that OM is associated with mild language and behavioral sequelae, particularly for early-onset, recurrent OM. 6 -8 The prevalence of repeated OM increased among US children during the 1980s. We previously reported that this increase was attributable, in part, to the increase in child care use and a higher prevalence of allergic conditions among children. 9 Children who have early-onset OM are also at greater risk for subsequent episodes of OM. 10 It is unclear, however, whether there has been a continued increase in repeated OM in the 1990s or if there was a corresponding increase in ever having had OM and early-onset OM.
The objectives of this study were to determine trends in the prevalence of OM (ever having had OM), early-onset OM (first episode at Ͻ12 months of age), and repeated OM (Ն3 episodes) among US children over a 6-year period, from 1988 to 1994, and to identify characteristics of children that may explain changes in the prevalence of these outcomes.
METHODS
The Third National Health and Nutrition Examination Survey (NHANES III) was conducted by the National Center for Health Statistics to assess the health and nutritional status of children and adults in the United States. This survey is nationally representative of the civilian noninstitutionalized population of the United States. This cross-sectional survey was administered in 2 phases of equal duration and sample size over a 6-year period: phase I, from 1988 -1991, and phase II, from 1991-1994, each comprising a national probability sample. Information from personal household interviews and health examinations was collected on ϳ40 000 individuals who were 2 months of age and older. For this secondary analysis study, we analyzed data from 8261 children Ͻ6 years of age whose parent or guardian completed the household interview, which included demographic, socioeconomic, and health history information for each child. 11 The household interview included questions on the frequency and treatment of ear infections. OM was determined by a positive response from the parent to the question "Did (child's name) ever have an ear infection or an earache?" If so, they were then asked the questions, "How many times has (child's name) had an ear infection or an earache?" and "How old was (child's name) when (child's name) had the first ear infection or earache?" For these analyses, repeated OM was defined as 3 or more episodes of OM and early-onset OM was defined as having the first episode of OM Ͻ12 months of age.
Demographic, household, and health-related characteristics of children obtained in NHANES III and thought to be potentially associated with OM were included in this study. These characteristics were used to adjust for estimated changes in OM and to determine if differences in the prevalence of these characteristics might explain changes in the prevalence of OM between the 2 phases of the survey. Variables included the child's age, 9, 12 sex, 9,12,13 race/ethnicity, 9,12,14 family poverty status, 9,14 urban residence, 15 region of the country, head of household education level, maternal age at the child's birth, use of a furnace, space heater, wood stove, or fireplace in the past 12 months, child care attendance, 9, 12, 14 having allergic conditions in the past 12 months, 9, 16 any prenatal smoking, 17, 18 current passive smoke exposure in the home, 19, 20 dog or cat in the home, early breastfeeding termination, 13, 21 child ever having asthma 12 or hay fever, and having a particular place for health care. The child's race/ethnicity was categorized into 4 groups: Hispanic, black, white, and other race. Poverty status was dichotomized as living below the poverty line or at or above the poverty line based on family size and the federal poverty level at the time of the survey. Head of household education level was categorized into 3 groups: less than high school (lower household education), high school graduate, and more than high school (higher household education). Maternal age at the child's birth was dichotomized as Յ16 years or Ͼ16 years. Child care use was defined as attending a day care center or nursery school with Ն6 children before the child was 4 years old. Allergic conditions were defined as having a stuffy, itchy, or runny nose or having watery, itchy eyes in the past 12 months. Early termination of breastfeeding included never breastfeeding or discontinuing when the child was Յ3 months of age. Having a particular place for health care was defined as having a particular clinic, health center, doctor's office, or other place that the child usually goes to if he/she is sick, needs advice about health, or for routine care. All of the other variables were used as defined in the survey questionnaire.
Analyses included bivariate comparisons to determine associations between the above demographic, household, and healthrelated characteristics with OM, early-onset OM, and repeated OM, over the 6 years and from phase I to phase II. Associations in bivariate analyses with P values Ͻ.10 were included in logistic regressions to determine if these characteristics remained independently associated with the 3 outcomes. A correction factor was applied to the odds ratios (ORs) derived from logistic regressions to better approximate the true relative risks (RRs), given the high prevalence of OM in the study population. 22 Prevalence of factors found significant in logistic regression analyses were compared by phase of survey to help identify and explain any change in prevalence of OM, early-onset OM, and repeated OM. Attributable fractions were calculated to determine the number of excess children affected attributable to any significant change in the prevalence of these 3 outcomes. 23 Results were weighted to produce appropriate national estimates and SUDAAN software was used to account for the complex sample design of the survey. 24 
RESULTS
The prevalence of ever having an episode of OM from 1988 -1994 for children Ͻ6 years of age in the United States was 68.2% (95% confidence interval [CI] ϭ 66.3, 70.1), early-onset OM was 43.5% (95% CI ϭ 41.6, 45.4), and repeated OM was 38.0% (95% CI ϭ 35.7, 40.4; Table 1 ). Children who were older had higher rates of OM and repeated OM, whereas children 1 to 2 years of age had the highest rates of early-onset OM. White children had higher rates for all 3 outcomes and males reported higher rates of repeated OM. The overall prevalence of OM, earlyonset OM, and repeated OM also was higher for children who were more affluent. The prevalence of early-onset OM was higher for children above poverty (46.4% vs 37.5%), having a higher household education (47.2% vs 40.4%), and having a usual source of medical care (44.3% vs 28.2%). These associations also were observed for repeated OM, with higher rates for children being above poverty (41.7% vs 31.4%), having a higher household education (41.9% vs 33.6%), and having a usual source of care (38.5% vs 28.8%). Children attending child care, having allergic conditions, and ever having asthma also reported higher prevalence of the 3 outcomes. These differences were all statistically significant (P Ͻ .05). Variables that were not associated with any of the 3 outcomes (P Ͼ .10) are not shown.
The prevalence of OM increased from 66.7% to 69.7% (P ϭ .21), early-onset OM increased from 44.1% to 45.8% (P ϭ .03), and repeated OM increased from 34.8% to 41.1% (P ϭ .01) from 1988 -1991 to 1991-1994 for children Ͻ6 years of age ( Table 2) . Compared with 1988 -1991, we estimate that 561 000 more children had early-onset OM and 720 000 more children had repeated OM in 1991-1994 attributable to this increased prevalence.
After adjusting for potential confounders that were associated with the 3 outcomes in bivariate analyses, including age, sex, race/ethnicity, poverty status, urban residence, region of the country, household education, fireplace use, child care attendance, allergic conditions, exposure to prenatal smoke, breastfeeding duration, ever having asthma, and access to routine health care, the increased prevalence of ever having OM from phase I to phase II was not significant (OR ϭ 1.1; 95% CI ϭ .99, 1.1), whereas the increased prevalence in early-onset OM (OR ϭ 1.1; 95% CI ϭ 1.03, 1.2), and repeated OM (OR ϭ 1.2; 95% CI ϭ 1.1, 1.4) remained significant ( Table 2) .
In logistic regression models, modifiable risk factors that were independently associated with the 3 OM outcomes included child care use, allergic conditions, early breastfeeding termination, ever having asthma, and access to health care. Allergic conditions and asthma were considered potentially modifiable risk factors for OM in that in addition to being attributed to genetic factors, they are also associated with environmental exposures, which can be altered. 25 Although most showed a slight increase from phase I to phase II, there was no significant increase in prevalence of any of these factors that may have explained the increased prevalence of early-onset OM and repeated OM from phase I to phase II ( Table 3) .
The overall prevalence of early-onset OM was higher for children with more affluent characteristics. But, the greatest increase in the prevalence of early-onset OM from phase I to phase II was observed among impoverished children. Being below poverty (RR ϭ 1.3; 95% CI ϭ 1.03, 1.6), having a low household education (RR ϭ 1.3; 95% CI ϭ 1.05, 1.6), and not having a usual source of care (RR ϭ 1.7; 95% CI ϭ 0.99, 3.0) were associated with a significant increase in the prevalence of early-onset OM. In contrast, there was no significant change in prevalence of early-onset OM from phase I to phase II for children above poverty, having a higher household ed-ucation, and having a usual source of care. Similar characteristics were present for the increased prevalence in diagnosis of repeated OM over the 6 years. There was a significant increase in repeated OM for children below poverty (RR ϭ 1.6; 95% CI ϭ 1.2, 2.1) and having a low household education (RR ϭ 1.7; 95% CI ϭ 1.3, 2.1). The increased prevalence of repeated OM for children who reported not having a usual source of care (RR ϭ 1.6; 95% CI ϭ 0.96, 2.7) was not statistically significant, but had a higher RR than children with a usual source of care (Table 4) .
Because the greatest increase in early-onset OM and repeated OM occurred among impoverished children, we examined the prevalence of risk factors that may help explain the increased prevalence among these children. Although there were no sig- nificant increases in prevalence for any of the risk factors in the overall sample, there was a significant increase in the report of watery, itchy eyes in the past 12 months from phase I to phase II for children below poverty (22.6%-30.2%; P ϭ .002). No other recognized risk factors significantly increased for these children (Table 5) .
DISCUSSION
These data indicate that there has been an 11% increase in the prevalence of early-onset OM (first episode at Ͻ12 months of age) and an 18% increase in the prevalence of repeated OM (Ն3 episodes) among children Ͻ6 years of age in the United States from 1988 -1991 to 1991-1994. This increased prevalence translates to an excess of 561 000 children with early-onset OM and 720 000 children with repeated OM in 1991-1994. Although there is controversy over the treatment and adverse consequences of OM, the observed increase in prevalence emphasizes the importance of improving our understanding of the epidemiology, diagnosis, and treatment of this common pediatric infection.
This study identified several characteristics of children that are associated with increased risk of OM, early-onset OM, and repeated OM. In particular, age, being male, white race, using child care, having allergic conditions, and ever having asthma were independently associated with these outcomes. These findings are consistent with previous studies. 9, [12] [13] [14] 16, 21 We also found that having a particular place for health care was independently associated with higher rates of these 3 outcomes. We did not find breastfeeding to be protective against OM and there have been other studies that also have not found such an effect. 26 -28 The fact that we did not find breastfeeding to be protective for OM may be attributable in part to our broad categorical definition of breastfeeding. Given that almost half of the children in the study were never breastfed, we chose to categorize the variable to account for the skewness of the data. Given that the prevalence of early-onset OM and repeated OM remained statistically significant even after controlling for identifiable risk factors suggests that there are reasons for the increases in prevalence other than the known risk factors that we studied. This was verified by the fact that the prevalence of risk factors for OM, specifically child care use, having allergic conditions, lower breastfeeding duration, asthma, and access to care did not increase from 1988 -1991 to 1991-1994.
The overall prevalence of early-onset OM and repeated OM was higher for children with more affluent characteristics, but these data indicate that the differences in the prevalence of these outcomes by socioeconomic status are diminishing. The greatest increases in prevalence of early-onset OM and repeated OM from phase I to phase II occurred among children from a lower socioeconomic status. Although most studies have found a lower rate of OM among children from a lower socioeconomic status, Paradise et al 14 reported that lower socioeconomic status was a risk factor for middle ear effusion in a prospective cohort study. Thus, the lower rate of OM observed in earlier studies could be attributable to underdiagnosis or underreporting in poor children. If so, the increasing rates of OM observed among children from lower socioeconomic status may be attributable to an increasing recognition of OM by their parents and practitioners. This increase may reflect a lag in the increase observed earlier among higher socioeconomic children. 9 There also was a significant increase in the prevalence of reported allergic conditions (watery, itchy eyes) among these children that may have contributed to an increase in these outcomes.
The increased prevalence may also be attributable to a change in management practice among physicians, particularly for those providing care to less affluent children. Pediatricians have reported parental pressure as a major contributor to the unnecessary prescribing of antibiotics and encourage parental education about the appropriate indications for antibiotics. 29 Physicians practicing in lower income settings may be experiencing increasingly greater time pressures that encourage prescribing antibiotics under parental pressure or may have other barriers to convincing families that antibiotics may not be appropriate. Edwards et al 30 reported that parents in urban settings were more likely to have their child discharged by a physician without antibiotics only to go soon afterward to another health facility to obtain antibiotics, suggesting that although some physicians may avoid prescribing antibiotics for children, parents are persistent in their search. Alternatively, prescribing practices common among more affluent families may be becoming more common among impoverished families.
Although the Centers for Disease Control and Prevention antibiotic use guidelines for acute OM were not published until 1999, 31 a recent study has shown that population-based antibiotic prescription rates have decreased during the 1990s; 32 however, an upward trend in more expensive, broad-spectrum antimicrobial drugs occurred from 1980 to 1992, during the time which most of the NHANES III survey was conducted. 33 Because OM is the most frequent diagnosis for which physicians prescribe antibiotics to children, misdiagnosis or overdiagnosis may have significant consequences for patients. These may include increasing rates of antibiotic-resistant bacterial pathogens, reduced effectiveness of antibiotics for OM and other infections, and unnecessary medical costs. Although there is no data showing that a shift in diagnostic practice has occurred over these 6 years, if true, these findings emphasize the need to examine and improve the current diagnostic and management practices for OM among physicians providing care to children in these settings.
We identified an increase in allergic conditions (watery, itchy eyes) among poor children as a possible explanation for the increased prevalence of OM. There is no apparent reason for this increase, but it is likely to result from the same factors that led to the increasing prevalence of asthma among poor minority children, including environmental exposures to allergens and pollutants, changing patterns of medication, and psychosocial stresses of living in poor inner-city neighborhoods. 34 Although this study did not find a significant increase in the report of ever having asthma, several studies have found an increase nationally in the prevalence of asthma over the past 3 decades. [35] [36] [37] There are limitations to this study that need to be addressed. The diagnosis of OM was based on parental report of physician's diagnosis. Recall bias is always a potential factor in survey questionnaires, and although unavoidable, we tried to minimize this by limiting the analyses to Ͻ6 year olds. Prior studies have shown parental agreement with the child's medical records to be fairly accurate with a statistic of .55 to .69 and over half of parents surveyed reporting within Ϯ1 episode of the number reported for otitis in the child's medical record. 38, 39 Parents tend to overestimate the number of OM episodes when reporting 6 or more episodes compared with the medical record, whereas those who report fewer episodes underestimate the number. 38, 40 Still, we do not suspect this to significantly affect our conclusions unless there were differences in reporting by the 2 phases of the survey. Given that the questions were worded identically between the 2 phases, this is unlikely. Another limitation is that earaches were included in our definition of OM because the wording of the question to parents did not differentiate ear infections from earaches. This may result in overestimating the reported prevalence of our outcomes for both phases of the survey, but this would not alter our findings of an increase in early-onset OM and repeated OM from phase I to phase II. Also, potential sampling variability from phase I to phase II may introduce some error and result in lower or higher estimates of prevalence. Lastly, we identified allergic conditions broadly as having a stuffy, itchy, or runny nose or having watery, itchy eyes in the past 12 months. Although it would have been preferable to have skin test results, these were not available in this survey for children Ͻ6 years. It is less clear for younger children, but older children with allergic rhinitis or asthma are significantly more likely to have skin test hypersensitivity. 41 Despite these potential limitations, this study is consistent with other research that has shown an increase in clinic visits for OM through the 1980s.
Studies that examine and compare diagnostic and management practices of OM by physicians in lower income and more affluent settings may help explain some of the findings of this study. Although these data do not help us clearly understand the reasons for the increased prevalence of early-onset OM and repeated OM, the fact that there was an increase over contiguous time periods with two 3-year intervals is important. We had shown previously that the national prevalence of repeated OM increased through the 1980s and this study indicates that the prevalence has continued to increase through the 1990s as well as the prevalence of early-onset OM.
It should be recognized that this study was conducted before more widespread use of vaccines that may be efficacious against OM, particularly the pneumococcal and influenza vaccines. The rate of OM is likely to change following widespread immunization of children with these vaccines. [42] [43] [44] Indeed, this survey may be suited to provide national estimates of any reductions in OM following the introduction of vaccines that lower the rate of OM.
CONCLUSIONS
There has been a significant increase in the prevalence of early-onset OM and repeated OM among children Ͻ6 years of age in the United States. Further research to investigate a change in management practice or an increase in allergic conditions among poor children may help explain the change in prevalence of early-onset OM and repeated OM and needs to be closely examined.
